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Abstract  
The effect of residual stress on component failure has been investigated using the distributions from 
current failure assessment procedures, and a residual stress profile simple to apply with less conservatism 
has been proposed for the weld geometries of T-plate and tubular T-joint. The Stress intensity factors 
(SIFs) in the two weld geometries under various types of loads have been calculated using the Green’s 
function method. The Green’s functions were determined not only for the T-plate but also for the tubular 
T-joint with the built-in ends. The use of a linear (bending) stress profile, derived from an analysis of 
measured residual stress distributions in T-plate and tubular T-joints, has been examined. The profile was 
validated with experimentally measured residual stress distributions in two materials, a high strength and 
medium strength ferritic steel and two geometries, a T-plate joint and a tubular T-joint for crack lengths 
up to half the plate or pipe thickness. Whereas the recommended residual stress distributions are 
geometry and material specific, it is shown that a simplified linear bending profile provides a possible 
guideline, applicable to a range of materials and geometries, where detailed information on weld 
procedures or residual stress profiles are unavailable. 
Keywords Residual stress, Green's function, Stress intensity factors, T-plate, Tubular T-joint 
1. Introduction 
Residual stress may be classified as stresses that exist in a component after all external forces, including dead 
weight and thermal gradients, have been removed. When components are joined together by fusion welding, due to 
the high temperature gradients and plastic deformation in the vicinity of the weld, residual stress fields are 
invariably set up in the welded joint. It is important that such stresses are accounted for in safety assessment 
procedures such as the British R6[1] and BS7910[2]. This can be done only when detailed information on the 
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 residual stress distribution in the component is known. Since this information is often not directly available, 
compendia with recommended upper-bound residual stress profiles for use in analyses are included in R6 and 
BS7910.  
In this study, stress intensity factors in welded T-plate and tubular T-joint using measured residual stress 
distributions and those recommended in assessment procedures are presented. Residual stress distributions have 
been measured along the thickness direction from the weld toe, where cracks are often found to initiate. The neutron 
diffraction method was used and stresses were measured along the thickness direction. A medium strength steel (BS 
EN 10025 Grade S355[3,4]) and a high strength steel (designated SE702, equivalent to the A517 Grade Q steel) 
have been examined for the T-plate. The former has yield strength of 348 MPa and the latter has yield strength of 
700 MPa. The material of the tubular T-joint is designated BS7191 Grade 355 steel, which is equivalent to the BS 
EN 10025 Grade S355 plate[5]. A linear bending stress distribution was determined which could represent both 
distributions despite the difference in weld geometry, material and welding variables considered in this study. 
The linear elastic stress intensity factors (SIFs) have been determined using the Green’s function method(GFM) 
and the GFs(Green’s functions) were determined using finite element method. In general, the weight function 
method(WFM) is widely used especially for cracked bodies with simple geometries. The advantage of GFM and 
WFM is that it enables the calculation of the SIFs in a loading-independent way because they depend only on the 
geometry and boundary conditions, and independent of the applied load [6]. In the meantime the defect of the WFM 
is that the weight functions (WFs) should be determined prior to actual calculation of the SIFs, which is in general 
not possible for a structure although some for simple geometries are available in the literature. The WFs for T-plate 
welded joints were derived in approximate way using composition method [7,8]. In addition, Wang and Lambert [6] 
used the T-plate joints with built-in ends model to calculate the SIFs for tubular T-joint approximately. Still there is 
no GFM or WFM applicable to a general structure. In this study, the GFM has been developed for the T-plate and 
tubular T-joint numerically, which is simple to apply in determination of the SIFs, and applicable to a tubular T-joint 
with built-in ends. 
The results were compared with the SIFs obtained using the stress distributions recommended in the assessment 
procedures R6 and BS7910. It should be pointed out that the validity range of yield strength, thickness and electrical 
heat input for welded joints in R6 is somewhat restricted and some of the distributions presented are outside these 
limits. 
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 In this work a new residual stress distribution is examined which is less restrictive but has lower conservatism 
when compared with the analysis results from the measured data and the distributions of R6 and BS7910. The 
profile is applicable to different geometries of T-plate and tubular T-joints as well as different steels (Grade S355 
and Grade SE702). 
2. Material specifications and weld details 
Two geometries of welded T-plate and tubular T-joint were examined in this work. The T-plate specimens were 
fabricated with high strength ferritic steel SE702 and medium strength low carbon ferritic steel, BS EN 10025 S355. 
The tubular T-joint was manufactured from the BS 7191 Grade 355 EMZ[5]. The specific material properties for the 
steels are provided in Table 1[9]. 
Table 1— Specific uniaxial tensile properties 
 
Material σy (MPa) σu (MPa) E (GPa) 
BS  EN 10025 Grade 
S355 
348 515 212 
SE702 700 790–940 205 
BS 7191 Grade 355 EMZ 355 460-620 - 
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(a) T-plate geometry (SE702)     (b) T-palate geometry (Grade S355) 
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(c) Weld Dimensions and weld sequence (SE702 & Grade S355) 
 
Fig. 1. Geometry of T-plate and weld, all dimensions in mm (not to scale) 
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    (a) Tubular T-joint     (b) weld 
sequence  
 
Fig. 2. Geometry of tubular T-joint and weld, all dimensions in mm (not to scale) 
 
Manual metal arc (MMA) welding was performed to manufacture the T-plate and tubular T-joint samples. 
Details of the geometry of the welded T-plate(SE702 and S355) and Tubular T-joint are provided in Fig. 1 and Fig. 
2, respectively, and weld sequences are also shown. The weld procedures for the two weld geometries are described 
in Table 2. In this study the T-plate was globally restrained during welding, while the tubular T-joint was not. The 
use of restraints during the welding has a strong effect on the peak residual stress magnitude [9]. 
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 Table 2— Weld parameters 
 
Material Weld type Restraint Weld 
pass 
Current  
(A) 
Voltage 
(V) 
Heat Input 
(kJ/mm) 
Grade S355 (T-plate) T-butt Yes 18 170–240 21–23 2.0–2.5 
SE702 (T-plate) T-butt Yes 30 500–560 30–31 3.6 
Grade 355 (Tubular T) Pipe T-butt No 19 160 22 1.0-2.0 
 
3. Residual stress distributions 
Neutron diffraction measurements were carried out to measure the residual stresses along a line (the y-axis in 
Fig. 1(a) & 1(b)) at the weld toe (point A in Fig. 1(a) & 1(b)). The three normal stress components are designated 
normal, transverse and longitudinal as indicated in the inset to Fig. 1(a). The measured data for the T-plate [10] are 
shown in Fig. 3. These data for the T-plate were obtained at the Institut Laue-Langevin(ILL), Grenoble, France 
using the monochromatic neutron source, while data for tubular T-joint were obtained at the ISIS neutron facility at 
the Rutherford Appleton Laboratory, UK. The experimental error bars indicated in the figure are due to the 
uncertainty in locating the diffraction angle, which is typically ±0.01 degrees, which converts to an uncertainty in 
stress of approx. ±50 MPa.  
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Fig. 3. Residual stress distributions for the high strength steel T-plate, Grade SE702 ([10]) 
 
The method of measuring stresses at a pulsed neutron source are fundamentally different to those used at the 
reactor  and therefore is accepted that there will be variations and differences in measurement methods and 
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 techniques for data reduction and analysis in deriving residual stresses using different sources. These factors add 
further to the uncertainties and differences found in the residual stress values of the same component. The present 
paper considers only a sensitivity analysis due to the variabilities using a simplified linear profile of the residual 
stress measurements in terms of SIF values which does not need consider the reasons for the different experimental 
and analysis techniques. 
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(a) crown                    (b) saddle 
Fig. 4. Residual stress distributions for tubular T-joints 
 
The measured data for the tubular T-joint at the crown and saddle point, as illustrated in Fig. 2, are shown in Fig. 
4. Data for the saddle point are available only up to the normalized position (y/W) of 0.64. For distances deeper than 
this, it was impossible to determine the strains with sufficient accuracy due to excessively long neutron path length. 
The data in Fig. 4 were obtained using the ISIS neutron source at the Rutherford Appleton Laboratory, UK (the data 
at the crown shown in Fig. 4(a) were carried out using the ENGIN instrument, the data at the saddle shown in Fig. 
4(b) were obtained using ENGIN-X, the new neutron facility at ISIS, running since June 2003). It is seen in Fig. 4 
that the transverse residual stress distributions, which are of interest in this work dealing with mode I fracture, are 
quite different at the crown and saddle. The maximum residual stress was found to be near the surface at the crown 
while it was near mid-thickness at the saddle as shown in Fig. 4(a) and Fig. 4(b). It is also clear in Fig. 4 that the 
stress levels at the crown are higher than at the saddle but both distributions can be represented by a linear bending 
type stress distribution up to a normalised position of 0.5 (y/W), i.e. to the mid-thickness of the measured section. 
Similar trends to the present tubular T-joint for the transverse residual stress at the saddle have been observed for 
pipe butt welds as shown in Fig. 5. 
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 Table 3. Weld details 
References Measurement method Plate thickness 
(mm) 
R/t Yield stress 
(MPa) 
Heat input 
(KJ/mm) 
Scaramangas& PG 
[11] 
Sectioning & hole drilling 
& EDM 
 
9.1 
 
54.96 
 
520 
 
0.8 
 
Leggatt [12] 
Sectioning & hole drilling  
15.5 
 
19.7 
 
540 
 
0.56-1 
Present (tubular T) Neutron diffraction 25 11 460-620 1-2 
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Fig. 5. Comparison of transverse residual stress for tubular T-joint and pipe butt welds 
 
3.1. Simplified analysis of residual stress data from components 
From the data presented in Fig. 3 and Fig. 4 it can be seen that there is considerable variation in the shape of the 
residual stress distributions for the different geometries and location. However, the overall magnitudes of the 
stresses are comparable (when stresses are normalised by yield strength). Fig. 6 shows the individual transverse 
stresses for the two T-plate tests made of high strength steel SE702 steel and the medium strength steel Grade S355 
[3], and the two data sets for the saddle and crown of the tubular T-joint.  
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Fig. 6. Transverse residual stress distributions for a range of welded geometries and the statistical mean, upper  
and lower bounds of the data at ±2SD 
Table 4. Analysis of the residual stress data 
 
Geometry case Normalised 
stress at y/W = 0 
slope Standard Deviation 
(SD) 
SE702  0.19  −0.24 0.20 T-plate S355  0.10 −0.17 0.34 
crown  0.48 −1.17 0.23 Tubular T saddle −0.07   0.79 0.25 
All specimens ALL  0.25 −0.56 0.25 
 
Least square linear fits have been calculated for each of the data sets individually as well as for all the data shown 
in Fig. 6. This figure also shows the best fit mean values for all the data and the upper/lower bound lines at two 
standard deviations (2SD). The corresponding values of the mean slopes and standard deviations for the datasets are 
provided in Table 4. It may be noted that the slope (which is a measure of the magnitude of the linear bending stress) 
is higher than the value of the stress at y/W = 0 (which is a measure of the mean (membrane) stress) in all cases. The 
T-Plate (S355) has the lowest mean slope and the tubular T-joint at the crown has the highest slope. The normalized 
linear mean line, for all the data, shown in Fig. 6 is given by: 
y
0 56 0 25y. .
W
σ
σ
⎛ ⎞= − +⎜ ⎟⎝ ⎠  
      
   (1) 
The form of Eq. (1) indicates that the mean curve is composed of a membrane (uniform) stress component of 
0.25σy and a bending (linear) stress slope of –0.56σy. The degree of conservatism or otherwise, in estimating the SIF 
 - 8 - 
 for the various geometries, using a linear fit of this type, will be examined in the analysis section. In general the 
crack length of interest in actual failure assessment is relatively short and well below y/W=0.5 of the component 
witdth.  In this work the crack lengths up to half the thickness has therefore been considered allowing the need to 
apply the stresses on the crack surface to a depth of  y/W=0.5 using the superposition rule since the stress 
distributions over the region of y/W > 0.5 do not influence the SIF values. It should also be noted that the stresses in 
the region y/W > 0.5 are usually compressive and will have little effect on SIF values for short cracks. Therefore, the 
dataset with different patterns of having maximum peak at mid-wall as shown in Fig. 4 (saddle) and Fig. 5 (pipe 
butt) over the region of y/W > 0.5 need not be taken into account in this analysis and are assumed to be zero in the 
model making the profile more conservative. 
3.2. Residual stress distributions from R6 and BS 7910 
3.2.1. R6 distributions for T-plate 
In the R6 procedure, two approaches for defining residual stress profiles in welded T-plates are provided, 
depending on the available information about welding conditions. If the welding conditions are known or can be 
estimated, then residual stress profiles given by the following Eqs. (2) and (3) may be used, which are associated 
with the size of the plastic zone (ro). If the welding conditions are unknown, polynomial functions are provided. 
The recommended through-thickness transverse residual stress distribution in the T-plate consists of an upper 
bound bilinear profile. The peak stress is at the weld toe and equal to the parent material yield stress and reduces 
linearly to zero at a distance ro from the weld toe. The distance ro represents the size of the yielded zone (mm) as 
recommended by Leggatt[13]. 
If ro  ≤ W, where W is the plate thickness (mm), then 
 
v
ηq
σ
Kr
y
o = , 
 
(2) 
where K is a material constant that depends on the coefficients of thermal expansion, Young’s modulus, density and 
specific heat of a material (Nmm/J), σy is yield or 0.2% proof strength of parent metal, q is arc power, ν is weld 
travel speed, η is process efficiency (fraction of arc power entering plate as heat). Typical values of K and η for a 
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 range of materials are provided in the R6 documents. For ferritic steels the values provided are K = 153 Nmm/J and 
η = 0.8. 
If Eq. (2) results in a plastic zone greater than the base plate width (ro>W), ro must be recalculated using, 
 
t).v(W
ηq
σ
K.r
y
o 50
0331
+= , 
 
(3) 
 The value of ro is obtained from Eq. (2) for both T-plate geometries analysed here, giving ro = 25 mm for the 
SE702 and ro = 27 mm for the Grade S355 steel. Since these two values are very close, a single R6 curve is plotted 
in Fig. 7(a) with ro = 26mm. If weld information is unavailable then the BS7910 polynomial distribution is used. 
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Fig. 7. Transverse residual stress distributions (a) T-plate (b) Tubular T-joint 
3.2.2. R6 distributions for tubular T-joint 
The tubular T-joint is included in the ‘Pipe T-butt weld’ part of the R6 procedure. The profiles are generated 
from geometries where the ratio of the chord thickness (W in Fig. 2) to the brace thickness (t in Fig. 2) varies from 
1.375 to 2. For cases where W/t < 1.375, a uniform tensile residual stress is assumed. For cases W/t > 2, the profiles 
of the above plate T-butt welds are recommended. For cases 1.375 < W/t < 2, the same equation as BS7910 is 
applied (see below). In the present tubular T-joint with W/t = 1, the recommended R6 distribution is a uniform stress 
through the thickness of yield stress magnitude, as shown in Fig. 7(b).  
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 3.2.3. BS 7910 distributions for T-plate 
BS7910 provides two transverse residual stress distributions for T-plate joints. The first transverse residual 
stress distribution is a polynomial function representing an upper bound fit to experimental data and is given by the 
following Eq. (4). This distribution is here referred to as BS7910 (1). 
 
W
y
W
y
W
y
W
y
yres ⎪⎭
⎪⎬
⎫
⎪⎩
⎪⎨
⎧ ⎟⎠
⎞⎜⎝
⎛−⎟⎠
⎞⎜⎝
⎛+⎟⎠
⎞⎜⎝
⎛−⎟⎠
⎞⎜⎝
⎛+=
432
087.21485.42125.243267.297.0σσ  (4) 
The second distribution follows that in R6, with the distribution dependent on the size of the plastic zone. When 
the plastic zone size ro calculated by Eq. (2) is less than the base plate thickness, the residual stress is taken to be that 
of the parent material yield stress level at the weld toe, reducing linearly to zero over the size of the yielded zone as 
in R6. However, Eq. (3) is not used in BS7910. If Eq. (2) results in a plastic zone greater than the base plate width, 
the stress is taken to be equal to the yield strength across the whole specimen thickness. This distribution is referred 
to here as BS 7910 (2).  
3.2.4. BS 7910 distributions for tubular T-joint 
The recommended transverse residual stress profile for the tubular T-joint is the same polynomial function as 
that provided for T-plate welds (Eq. (4) and the distribution is provided in Fig. 7(b). This polynomial type profile is 
conservative but less conservative than R6 for the current geometry as shown in Fig. 7(b). It should be noted that for 
the current geometry BS7910 provides a more conservative residual stress profile than R6 for the T-plate while R6 
is more conservative for the tubular T-joint. 
3.2.5. Bilinear distribution 
A bilinear distribution based on residual stress data for a range of T-plate joints in ferritic steels was suggested 
in reference [3]. This distribution, which has been obtained by shifting a mean bilinear fit to the data by a uniform 
(membrane) stress of 0.25σy, is shown in Fig. 7(a). It may be seen that of the available stress distributions for a T-
plate, the polynomial function distribution of BS7910(1) is the most conservative followed by the R6 distribution 
and then the bilinear distribution. 
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 4. Finite Element Analysis 
The finite element (FE) meshes used in this work are illustrated in Fig. 8. The T-plate is assumed symmetric 
with weld angle of 80°. A crack of length, a, is included at the right hand weld toe as shown in Fig. 8(a). A total of 
13,540 linear elements and 14,094 nodes was used and the smallest element size is 0.03 mm (6 × 10-4W) for the T-
plate mesh. The tubular joint is a three dimensional geometry, but here is represented by an axisymmetric, “tube on 
plate” FE mesh as illustrated in Fig. 8(b). A total of 13,534 linear elements and 14,091 nodes were used and the 
smallest element size is 0.015 mm (6 × 10-4W). All finite element analyses were carried out using the commercial FE 
software package, ABAQUS 6.3 [14] to determine the Green’s functions (see below) to calculate the SIFs. Only 
transverse residual stresses are considered and the mode I,  SIFs have been evaluated.  
a W
  
CL
a  
W  
    
 
       (a)      (b) 
Fig. 8. Finite Element Meshes (a) T-plate (b) Representation of tubular T- joint 
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Fig. 9. Superposition principle for stress intensity factor [15] 
 - 12 - 
 5. Green’s function approach     
5.1. Superposition principle and Weight function method 
At this point it would be useful to outline the method for evaluating the SIF for the components. The SIFs under 
various kinds of loads can be calculated using the superposition principle. Consider a crack-free body as shown in 
Fig. 9(a) subjected to prescribed tractions Ti over the boundary CT and to prescribed displacements Ui over the 
boundary CU; in addition it may contain a self-equilibrating internal stress system σint such as residual stress [15]. 
Since the problem is linear elastic, Fig. 9(a) can be decomposed as Fig. 9(b) and 9(c). According to the concept of 
superposition and fracture mechanics, a crack problem under any prescribed load or displacement as well as internal 
stress can be reduced to a problem with only crack surface stress, or alternatively crack face pressure, σ(x) as shown 
in Fig. 9. 
The weight function method (WFM) is widely used especially for cracked bodies with simple geometries. The 
advantage of WFM is that it enables the calculation of the SIFs in a loading-independent mode since the weight 
function depends only on the geometry and boundary conditions, and independent of the applied load[6]. The SIF 
for various applied loads can be determined by integrating the product of the weight function(WF), m(x,a), and the 
crack surface stress distribution, σ (x) as in Eq. (5). 
0
( ) ( , )d
a
K x m x aσ= ∫ x                     (5) 
The weakness of the WFM is that the WFs should be determined prior to actual calculation of the SIFs, which is 
generally not possible so far for structures. The WFs for T-plate welded joints were previously derived in 
approximate way using composition method [7,8] as shown in Fig. 10 since the WFs for the T-plate with finite 
dimensions are not available. In addition, Wang & Lambert derived the WF for tubular T-joint and they determined 
the WF for problem with built-in end as shown in Fig. 11[6]. The T-plate with built-in ends is a statically 
indeterminate problem and the WF approach of these structures [6] is quite complicated since procedure such as 
taking the load shedding (change of reaction force) need to be taken into account. 
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Fig. 10. Composition method to determine a weight function for T-plate 
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Fig. 11. Composition method for surface crack in T-plate with built-in ends 
5.2. Green’s function method 
In this study, the Green’s function method (GFM) has been developed for the T-plate and tubular T-joint which 
is simple to apply in the determination of the SIFs. The Green’s function (GF), G(x) is calculated under the load case 
in which the cracked body is loaded at its surfaces by two pairs of symmetric, normal point forces as shown in Fig. 
12. Then the SIF can be determined by the Eq. (6) 
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Fig. 12. Loading unit force on the crack surface 
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where G(a,x/a) is the GF, a is crack length, x is location on the crack surface and βi is the coefficient of the Green’s 
function. The GF coefficients of G(a,x/a) are available only for simple crack geometries in the literature[15]. 
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Fig.  13. Green’s Function for welded components 
 
For a specific crack length, the GFs can be determined analytically or numerically for simple crack geometries. 
However, it is not generally possible to determine the GF for a complicated structure. In this study the GFs for a 
specific crack length has been fitted using the GFs determined at some selected locations on the crack surface. The 
GFs for the present T-plate and tubular T-joint are shown in Fig. 13, which shows that the GFs for tubular T-joint 
are monotonically decreasing while that for T-plate is not. When five locations on the crack surface were selected 
for the T-plate, the difference between the present Green’s function approach and FEM was 2.5% and when 10 
locations were selected the difference was less than 1 %. Although it needs to determine the GFs as many as 10 
points to obtain an accurate SIF values, this approach is very powerful especially for a complicated structures where 
neither WFs nor GFs are available so that WFM and GFM are not applicable.  
 - 15 - 
 The determination procedure of the GFs at the locations of the crack surface is very simple. The GF for a 
specific location is the SIF due to a pair of unit point force and is easily determined using FEM. It is important to 
note that this numerical approach to determine the GF is applicable even to the statically indeterminate problem 
(built-in case for tubular T-joint) as well as T-plate problem. The GFs determined for the tubular T-joint with built-
in end (at right end in Fig. 8(b)) are shown in Fig. 13(b).  
So far a general method to determine the Green’s function or weight function in closed-form solution type for a 
structure is not available. In this study the GFs were determined numerically over several locations on the crack 
surface and fitted to determine a GF for a specific crack length. The validation of the present approach for tubular T-
joint (statically indeterminate) as well as T
 
-plate (statically determinate) is as follows. 
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Fig. 14. Application of the Green’s function method for smooth plate 
 
 
 - 16 - 
 0.1
0.2
0.3
0.4
0.5
0.6
0.7
0 15 30 45 60 7
elem
G
re
en
's
 fu
nc
tio
n
5
T-plate
Smooth plate
 
Fig. 15. Comparison of the Green’s function for T-plate & smooth plate 
 
The cracked body of smooth plate without upper attachment in T-plate is similar to single edge cracked body as 
shown in Fig. 14(a). The GF solution [15] of the single edge crack was applied to the present smooth plate and  
was compared with the results by the finite element analysis. The analysis results showed that the present GFM is in 
good agreement with the closed form solution [15] as shown in Fig. 14(c). In addition, it is interesting to note that 
the GF of T-plate is very close to that of smooth plate as shown in Fig. 15. That is because the GF is determined 
only by crack surface load and no load is applied on the upper attachment of the T-plate. 
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(a) T-plate          (b) Tubular T-joint 
Fig. 16. Comparison of the SIF results by Green’s function method and finite element method 
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 The SIFs for various residual stress profiles can be determined using the present GFM. The SIFs using the GFM 
for the measured residual stresses and R6 profile for S355 steel are shown in Fig. 16. The behaviour of present 
approach using the GFs for the T-plate(statically determinate) and tubular T-joint with built-in end(statically 
indeterminate) shows that present GFM is in good agreement with the results by finite element analysis.  
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(a) normalised SIFs       (b) SIFs of two materials for T-plate 
Fig. 17. Stress intensity factors of measured data for T-plate and tubular T-joint 
 
6. Results of the analysis 
6.1. Stress intensity factors for measured data 
The normalised stress intensity factors for the four sets of measured transverse residual stress shown in Fig. 6 
data were calculated using the GFM. The results are given in Fig. 17(a). It is clear that given the variation in the 
residual stress distribution, the SIF values will also vary for the different geometries. The normalised SIFs of the T-
plate for SE702 and Grade S355 are similar in shape with the result for S355 about two times higher than those of 
SE702 but the normalized SIFs for the tubular T-joint at the crown and saddle point are quite different. The 
transverse residual stress at the crown is positive over most of the region 0 < y/W < 0.5, as seen in Fig. 4(a), which 
explains the reason why the calculated SIF for crown point is the highest among the four cases examined. The 
transverse residual stress over the region 0 ≤ y/W ≤ 0.5 is lowest at the saddle, as shown in Fig. 4, and, 
correspondingly, it gives the lowest SIF values. The SIFs of the two materials for T-plate are shown in Fig. 17(b), 
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 which shows similar trend to Fig. 17(a). The SIFs for SE702 are considerably lower than the fracture toughness 
(KIC≈ 240 MPa√m[10]) and those for S355 are also lower than the toughness (KIC data lies between 100 and 150 
MPa√m[9]). It is shown that the residual stress should have a significant effect on fracture behaviour for short cracks 
as shown in Fig. 17(b) when comparing to the toughness values. It is also shown that the contribution of residual 
stress to fracture for high strength steel of SE702 would be larger than the case of S355. 
6.2. Simplificaiton of the ‘Case Specific’ residual stress profile for the T-Plate and Tubular T-Joint components 
As shown in Fig. 7 the available residual stress profiles are ‘case specific’ and can be very conservative as upper 
bounds of measurement data have been used to directly fit them. In this section a sensitivity analysis is carried out to 
identify the effects that different linear simplified residual stress distribution for the T-plate and tubular T-joint have 
on the SIF values based on available experimental residual stress profiles.  
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       (a)               (b) 
Fig. 18. Proposed residual stress profiles (a) linear profiles (b) bilinear profiles 
 
The simplification of the stress profiles is proposed by considering various linear bending stress distributions as 
shown in Fig. 18(a) based on the linear regression line (Eq. (1) and Fig. 6). Rather than adding a uniform 
(membrane) stress to the mean distribution, as was done previously in [3], the slope of the mean line is changed 
while keeping the ‘pivot point’ value at y/W = 0.5 fixed. Eq. (1) gives σ/σy = −0.03 at y/W = 0.5. For convenience, 
this value has been set to zero and a modified ‘mean’ linear fit has been used in what follows,  
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Variations to the mean are examined by allowing the surface stress (at y/W = 0) to range from yield stress σ/σy 
= 1 (the R6 value) to σ/σy = 0.28(lower bound). A surface stress value of 0.75σy  (as the point +2SD from the mean 
slope, with a fixed pivot point) and 0.6σy are chosen within this range. The use of these values effectively spans the 
distributions in Table 4. In this study since crack lengths of up to a/W=0.5 have been considered the compressive 
residual stress over the region of a/W>0.5 in Fig. 18(a) are not relevant in the SIF calculation based on the 
superposition principle. The present profile is comparable with the ‘mean+bend’ profile which combines the 
adjustment of membrane as well as bending term[16]. 
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Fig. 19. The SIFS for T-plate (a) Existing distributions (b) Bilinear distributions compared with data 
 
In addition in this study based on the sensitivity analysis carried out above the bilinear distribution developed 
previously[3] for T-plates as shown in Fig, 18(b) has also been examined in the same manner and a sensitivity 
analysis for the SIF values have been carried out. Thus, as shown in Fig. 18(b) three different bilinear curves can be 
analysed, identified as bilinear, modified bilinear and mean bilinear. These profiles have been applied as transverse 
residual stress distribution to the T-plate and tubular T-joint in order to perform a sensitivity analysis of the SIF 
values. 
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Fig. 20. Comparison with the SIFs for T-plate for S355 steel and those obtained using the proposed residual stresses 
profiles 
6.3. Stress Intensity Factors (SIFs) for T-plate  
The SIFs for the bilinear distribution[3], the R6 and BS7910 distributions for T-plates are shown in Fig. 19(a). 
The figure shows that BS7910 is the most conservative, and R6, bilinear distribution and mean bilinear follow. In 
Fig. 19(b) the SIFs obtained using the data from the Grade S355 T-plate are compared with the three bilinear 
distributions. It may also be seen that the modified bilinear profile shown in Fig. 19(b) provides the best, 
conservative estimate of the SIFs for this geometry and material. Only the data for the Grade S355 material are 
shown for this comparison but similar conclusions can be made for the SE702 distribution. The bilinear 
distribution[3] tends to estimate the SIFs more conservatively as the crack length increases while the conservatism 
of modified bilinear remains approximately constant.  
As shown in Fig. 19, the bilinear distribution[3] tends to estimate the SIFs conservatively. The linear bending 
stress profiles shown in Fig. 18(a) were used in the SIF analysis to compare with the experimental results for the T-
plate. In Fig. 20 it is seen that the ‘linear upper bound’ linear distribution closely matches the result from R6. This is 
not surprising since for this geometry with r0/W = 0.52 the upper bound linear curve and the R6 curve are very 
similar. The linear distributions of 0.6σy and 0.75σy at the surface give good results over the whole range of crack 
lengths investigated. The 0.6σy line gives conservative results except at very short crack lengths. Thus a 
recommendation of 0.75σy surface stress would be safer for a linear distribution. However, as a whole the modified 
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 bilinear distribution provides the best representation of the SIFs for the T-plate geometries (compare Fig. 19(b) and 
Fig. 20). 
0
0.25
0.5
0.75
1
1.25
1.5
0.1 0.2 0.3 0.4 0.5
normalised crack length, a/W
no
rm
al
is
ed
 S
IF
, K
I /
 Π
y √
W
R6
BS7910
Bilinear [3]
Modified Bilinear
data (crown)
no
rm
al
is
ed
S
IF
, K
I / 
 σ y
√π
a
0
0.25
0.5
0.75
1
1.25
1.5
0.1 0.2 0.3 0.4 0.5
normalised crack length, a / W
no
rm
al
is
ed
 S
IF
, K
I  /
 ∠y
 √W
Proposed Linear (0.75)
Linear (0.6)
Bilinear [3]
data (crown)
no
rm
al
is
ed
S
IF
, K
I / 
 σ y
√π
a
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Fig. 21. The SIFs due to measured data and modified bilinear profile for tubular T (a) Current distributions (b) 
proposed linear profile 
 
6.4. Stress Intensity Factors (SIFs) for the Tubular T-joint 
The results for the SIFs obtained using the recommended distributions of R6, BS7910, bilinear[3] and the 
modified bilinear profile are shown in Fig. 21 (a) for the Tubular T-joint. The figure shows that the R6 distribution 
is the most conservative, and BS7910, bilinear and modified bilinear profile follow. Also included in the figure are 
the results obtained using the transverse stress data for the crown (where the stresses are highest).  It is shown that 
the modified bilinear curve which showed good results for the T-plate underestimates the SIF for crack lengths 
a/W < 0.25. Therefore, this modified bilinear profile could not be used for the tubular T-joint except for short cracks. 
However, the predictions from the original bilinear distribution from [3] show that the SIFs are close to the results 
for the measured data. This profile could be employed for a realistic assessment of the SIFs for tubular T-joint. 
 The results for the proposed linear distribution (see Fig. 18(a)) for the tubular T-joint are shown in Fig. 21(b). 
The linear distribution with yield strength 0.6σy and 0.75σy at the surface give conservative results over the full 
range of crack lengths (note that the bilinear distribution from [3] approaches quite closely to the prediction from the 
data at a/W = 0.4 and thus the conservatism for this distribution is low.  
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 It was shown that the modified bilinear distribution provides the most realistic SIF values for the T-plate as 
shown in Fig. 19(b). However, this distribution tends to underestimate the SIFs over the crack lengths, a/W > 0.25 
for the tubular T-joint as shown in Fig. 21(a). As a promising comprehensive residual stress distribution, Fig. 21 
shows that the proposed linear profile with a magnitude of 0.75σy at the surface can estimate the SIF values in both 
T-plate and tubular T-joint more reliably with less conservatism than the assessment procedures of R6 and BS7910. 
7. Conclusions 
In this paper, the recommended residual stress distributions in the British assessment procedure of R6 and 
BS7910 were reviewed for as-welded T-plate and tubular T-joints of two ferritic steels. In addition the profile from a 
recently proposed bi-linear solution[3] was also examined. All these have been derived from limited experimental 
measurement data which contain scatter due to different measurement and analysis techniques. In addition the 
measurements were not all performed on the same material and component size adding further to the variability of 
the data. Therefore it was concluded that detailed fits and profiles may not be necessary for every condition as there 
could be unexplained variabilites in the measured data. Hence a proposed simple route has been presented. 
Particular attention was paid to the stress intensity factors (SIFs) associated with these distributions and a 
comparison using a sensitivity analysis were performed on the different profiles in order to ascertain their level of 
conservatism. 
The stress intensity factors under various types of loads were calculated using the Green’s function method 
(GFM). A general method to determine the weight functions or Green’s function in closed-form solution for a 
structure is not available. In this study the GFs were determined numerically over several locations on the crack 
surface and fitted to determine a GF at a specific crack length. The Green’s function approach has been developed 
for the T-plate and tubular T-joint which is simple to apply in determination of the SIFs, and the approach has been 
validated using closed form solution for single edge cracked plate and finite element analysis for T-plate and tubular 
T-joint. The present GFM enables one to determine the SIFs for the tubular T-joint with built-in end conditions 
which is statically indeterminate problem as well as for the T-plate which is statically determinate problem. 
A simplified linear bending distribution covering the T-plate and tubular T-joint, derived from the mean and 
standard deviations of the available transverse residual stress data has been examined. A sensitivity analysis of the 
appropriate SIF calculations using the weight function method has been derived by varying the bending stress slope 
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 of the residual stress profile. It was shown that the simplified linear bending profile can provide an adequate residual 
stress distribution applicable for the range of geometries and materials examined to produce less conservative SIF 
values than what is presently available. In all cases it has been seen that that the SIF values are very sensitive to the 
bending component of residual stress and a small increase at the surface level of residual stress can have a profound 
effect on the SIF values.  
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